Introduction {#sec1-1}
============

Incidence and mortality rates of non-communicable diseases have increased remarkably in high and middle-income countries (Rouhollahi et al., 2014; Vineis and Wild, 2014). Cancer is a non- communicable disease, which has more dramatic prevalence rather than others (Torre et al., 2015; Siegel et al., 2016). Recent reports have indicated that global burden of cancers is increasing. According to the Golobocan (2012), there were 14.1 million new cancer cases, 8.2 million cancer deaths and five-year prevalence of 32.6 million patients living with cancer worldwide. Almost 57% (8 million) of new cancer cases, 65% (5.3 million) of the cancer deaths and 48% (15.6 million) of the 5-year prevalent cancer cases occurred in the less developed regions (Globocan, 2012).

Since mortality to incidence ratio is high for several cancer types, especially in the low and middle-income countries, early detection and improvement of cancer care are necessary to decrease the burden of cancer (Smith et al., 2001; Goss et al., 2013). Appropriate methods for diagnosis and treatment of cancer are one of the effective factors in cancer control (Organization, 2007). There are several guidelines about diagnosis and treatment of cancer including clinical practice guidelines provided by of the National Comprehensive Cancer Network (NCCN) (Mock et al., 2000), the National Institute for Health and Care Excellence (NICE) (Claxton et al., 2015), the European Society For Medical Oncology (ESMO) Guidelines (Stoffel et al., 2014), the American Society of Clinical Oncology (ASCO) (Somerfield et al., 2008) and etc. However different institutions may choose from these guidelines to provide diagnosis and treatment services for cancer patients (Kiel, 2011). In addition, they may also adapt them according to the local situation and evidences (Heins et al., 2016). HBCRs are important tool to evaluate the implementation of the guidelines and also study treatment outcome for the selected protocols and provide evidence for changes and updates of the treatment protocols (Ruiz and Facio, 2004).

Also success in cancer control programs requires strong surveillance and information systems (Mohammadzadeh et al., 2013; Ryerson and Massetti, 2017). Population based Cancer Registry (PBCR) collects cancer-related information in cancer patients within a target population for epidemiological goals (Bray et al., 2014). These help to estimate the worldwide surveillance of cancer survival and international comparison of cancer trends and as a result cancer control (Allemani et al., 2015). International Agency for Research on Cancer (IARC) supports establishment of the PBCRs in different countries and provide technical support. Data from high quality PBCRs are published in the IARC monograph titled "Cancer in Five Continents" and the 10th edition was published in 2013 (Ferlay et al., 2016). On the other hands, hospital-based cancer registries (HBCRs) that collect administration and clinical data are used for administration purpose and improvement of the quality of care. In addition, HBCRs addresses administrating challenges in the cancer hospitals (Young, 1991; Ekanem and Island, 2009). HBCRs also provides essential and effective information for tracking trends of cancer care plans over time and patterns of care in different institutions However, HBCRs are usually expensive and do not receive enough support from IARC or other international communities (SEER; Goldman et al., 2006; Shiki et al., 2008).

HBCR is an important tool for monitoring and improving the quality of cancer care, however, the experience and information on the methods and approach for establishment of HBCRs are limited. Therefore, we performed a systematic review of the literature to fill this gap and provide information on the characteristics, potential and weaknesses of HBCRs through.

Materials and Methods {#sec1-2}
=====================

Methods {#sec2-1}
-------

### Search strategy {#sec3-1}

This study is a systematic review; Authors searched the documents and reports of HBCRs using the MEDLINE (PubMed) during 1989 to 2017, Google scholar, Scopus, ProQuest and Google (the first 10 pages). The search was done based on keywords in English for all motor engines including "hospital-based", "clinical" and "data quality" combined with "registry", "cancer" and "tumor" including all subheadings. All keywords searched electronically by three Boolean operators with explained search strategy separately. After a complete search, all search results reviewed separately based on title or running title of studies and related documents were selected and then the duplicated documents were excluded. Finally, 14 documents were selected for survey.

### Inclusion criteria {#sec3-2}

All documents and reports were included, if they were related to a hospital-based cancer registry and provided details about the characteristics of their program.

The limitation of our research was that number of publications about HBCRs was very low. Therefore, we tried to obtain our necessary information from various sources.

In addition, authors only studied the documents that were available in English language. Studies that published in other languages were not included in this study.

### Evaluation {#sec3-3}

Two reviewers reviewed all documents separately. After excluding those reports that did not meet the inclusion criteria, the data from the review entered in to the data collection forms. Only documents related to hospital-based cancer registries were selected. The disagreements between reviewers were addressed by group discussions. Some data such as country names, name of registries, responsible institutes, objectives of registry, minimum dataset, data sources, quality indicator and quality control methods were determined.

Results {#sec1-3}
=======

In this review, 653 documents were initially included. 542 documents were excluded after title and content reviewing and 89 documents were excluded after assessing for eligibility criteria. Finally, 14 documents were remained for analyses ([Figure 1](#F1){ref-type="fig"}). [Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} show the main characteristics of cancer registry systems obtained from reviewing all of the 14 documents.
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###### 

Characteristics Of Hospital-Based Cancer Registries In Different Countries

  Registry, Country                                                             Responsible institution                                                                       Objectives                                                                                                Data sources                                                                                                                                           Software
  ----------------------------------------------------------------------------- --------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------
  National Cancer Database (NCDB) (1800 Hospitals), USA (Sergeons, 1996-2017)   American College of Surgeons and the American Cancer Society                                  Community Assessment, Quality Improvement, Cancer Program Administration                                  Data that abstracted from patient charts by Certified Tumor Registrars (CTR)                                                                           Abstract Plus
  HBCRs in (397 hospital), Japan (Higashi et al., 2013; Anazawa et al., 2015)   National Cancer Center                                                                        Quality of care improvement, Monitoring Cancer Control program, Research                                  Medical records, Pathologic reports, Discharge summaries, Diagnostic codes on insurance claims, Chemotherapy records, Surgery records                  HosCanR
  Clinical Cancer Registry, Australia (Health, 2014)                            Cancer Institute NSW                                                                          Quality of care improvement                                                                               Patient Administration System, Pathology, Scheduling, Medical Oncology Electronic Medical Records (EMR), Radiation Oncology EMR, Palliative Care EMR   NA
  Khon Kaen HBCR (KKCR), Thailand (University, 2013)                            Srinagarind Hospital, Khon Kaen University, Faculty of Medicine                               Planning and monitoring of cancer control, Research                                                       Medical records, Pathology laboratory records, Surgery and Radiology department. Death certificate                                                     CanReg4
  Brazil SisRHC database (Pinheiro Zina Reis et al., 2008)                      The National Cancer Institute (INCA)                                                          Prevention, Screening, Treatment, Survival, and Palliation                                                Pathology reports, Hospital discharge summaries, Radiotherapy records and hematological reports.                                                       SisRHC
  Healthcare Quality Registries, Sweden (Emilsson et al., 2015)                 The Swedish government and the Swedish Association of Local Authorities and Regions (SALAR)   Improving delivery of healthcare, Quality improvement, Monitoring of adherence to guidelines, Research.   Medical records, Laboratory test, Pathology report                                                                                                     NA
  HBCRs (19 centres), Nigeria (Jedy-Agba Elima E. et al., 2012)                 The Institute of Human Virology, Nigeria and the Nigerian Federal Ministry of Health          Improvement of cancer care delivery systems, Policy making, Planning                                      Medical record, Death certificates, Radiotherapy, Chemotherapy and Surgery reports                                                                     CanReg4
  Hacettepe HBCR, Turkey (Kutluk et al., 2013)                                  Hacettepe University                                                                          Planning, Monitoring, and measuring cancer-related services, Research, and Education.                     Information that gathered from departments related to care of cancer patients                                                                          CanReg4
  HBCRs, India (Swaminathan Soumya, 2016)                                       Indian Council of Medical Research (ICMR).                                                    Planning and evaluation of cancer control programs                                                        Medical records                                                                                                                                        Web-based software "rccintranet.org".
  HBCR, Indonesia (Sibuea et al., 2000)                                         National Center General Hospital (RSUPNCM)                                                    Provide statistical information for cancer control and management                                         Predefined form that filled by physician                                                                                                               NA
  HBCRs (13 hospitals), Colombia (Cuervo Luis Gabriel et al., 1999)             National Cancer Institute of Colombia                                                         NA                                                                                                        Collection of data from a large group of cancer diagnostic and treatment centers                                                                       Regiscan database software
  Jinnah Hospital HBCR, Pakistan (Aziz et al., 2003)                            Jinnah Hospital Lahore                                                                        NA                                                                                                        Medical records                                                                                                                                        Microsoft Access and Excel Database
  HBCR, United States (Hendren et al., 2014)                                    University of Michigan                                                                        Comparison of processes and outcomes, identification of areas for Quality improvement.                    Medical Records                                                                                                                                        NA
  Fortis Memorial Research Institute (FMRI-HBCR), India (Institue, 2013)        Fortis Memorial Research Institute (FMRI)                                                     Medical Researc                                                                                           Information gathered through pre-devised questionnaire in hospital oncology departments                                                                Microsoft Excel Datasheet

Characteristics of HBCRs {#sec2-2}
------------------------

HBCRs are applied for different purposes. Results of this study showed that objectives of most studied HBCRs were management of cancer control programs and improving quality of care. However, other purposes of HBCRs include epidemiological and clinical research, education, policy making, evaluation of implantation of clinical practice guidelines, planning and monitoring of cancer control programs, including prevention, screening, treatment and palliative care ([Table 1](#T1){ref-type="table"}). [Table 2](#T2){ref-type="table"} provides an extensive list of objectives for HBCR in three categories of administration, improving quality of care and community based objectives.

###### 

Objectives of Hospital Based Cancer Registry (HBCR)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Administration
  1\. To improve hospital management (Base), 2017)
  2\. Improving reimbursement plan (Base), 2017)
  3\. To Identify areas to market programs through demographic variables that define gender, race/ethnicity, age group, and education level (Swan et al., 1998; Base), 2017)
  Improving Quality Care
  4\. To study survival rates by cancer types and stage (Base), 2017)
  5\. To study short and long-term side effect of different treatment (Evelyn M. Shambaugh et al., 1999; Shiki et al., 2008)
  6\. To evaluate prognostic factor (Shiki et al., 2008)
  7\. To study implantation of clinical practice guideline (Ruiz and Facio, 2004)
  8\. To enhance coordination of care and multidisciplinary tumor board (Swan et al., 1998)
  9\. To demonstrate accountable, evidence based care at the local level (Higashi et al., 2013)
  10\. To identify areas to focus quality improvement efforts (Shiki et al., 2008; Base), 2017) 11. To be the basis for clinical research (Ruiz and Facio, 2004)
  12\. Education of residents and fellows (SEER)
  Community Based objectives
  13\. To evaluate delay in the diagnosis (Ruiz and Facio, 2004; Shiki et al., 2008)
  14\. To study Screening program and evaluate proportion of the screened cases by cancer site, age group, ethnicity/race (Ruiz and Facio, 2004)
  15\. To develop cancer prevention program if population based registry does not exist (Jedy-Agba Elima E. et al., 2012)
  16\. Support population based cancer registry (PBCR) (Swan et al., 1998; Evelyn M. Shambaugh et al., 1999; Shiki et al., 2008)
  17\. To provide some idea of cancer incidence and prevalence if PBCR is lacking in the region (Aziz et al., 2003)
  18\. Provide information for cancer control program and cancer prevention in particular (Young, 1991)
  19\. To study potential area of outreach and patient navigation (Base), 2017)
  20\. To develop treatment practice based on the population need (Evelyn M. Shambaugh et al., 1999)
  21\. To study pattern of care and evaluate variation of access to care (Ruiz and Facio, 2004; Base), 2017)
  22\. Performing etiologic/ epidemiological research (Ruiz and Facio, 2004)
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Quality control methods of HBCRs {#sec2-3}
--------------------------------

Although the details of quality control process and methods were not defined, level and methods of quality control were varied in different registry programs. HBCRs used both automated and manual methods for quality control ([Table 3](#T3){ref-type="table"}). Validity and completeness were the main quality indicators that surveyed by this registries. Validity stands for valid value of the data items and consistency checks, including comparing the values of certain variables against others. Completeness was registration of all cases referred to the hospital for diagnosis and treatment.

###### 

Quality Control Methods in Hospital-Based Cancer Registries

  Name of registry                                                Quality control methods
  --------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  NCDB, USA (Sergeons, 1996-2017; Bilimoria et al., 2008)         1\) NCDB GenEDITS Plus software (2017) include all edits and all data that submitted to database, 2) Case records that fail to meet a standardized set of requirements are identified and returned to the hospital, 3) Check each hospital data by Commission on Cancer surveyors once every three years to ensure of data quality
  HBCR, Japan (Higashi et al., 2013; Anazawa et al., 2015)        1\) Appropriate training of tumor registrars, 2) Consistency-checking software with HosCanR, 3) Additional support provided by the National Cancer Center staff.
  The SSWAHS Clinical Registry, Australia (Health, 2014)          Not reported
  KKCR, Thailand (University, 2013)                               Linkage with national statistical data set, personal contact, and networking
  SisRHC database, Brazil, (Pinheiro Zina Reis et al., 2008)      1\) Entering validated data through software, 2) Internal quality control systems, 3) logical checks through registry program, 4) Visual checks
  Healthcare Quality Registries, Sweden (Emilsson et al., 2015)   1\) Automated checks to prevent the input of incorrect data, 2) linkage and compare data with government administrated registries, 3) comparison with patient charts, 4) manual check with health care personals
  Michigan HBCR, USA (Hendren et al., 2014)                       Comparing hospital medical record and tumor registry data.
  19 HBCRs, Nigeria (Jedy-Agba Elima E. et al., 2012)             Internal consistency ckeck between variables by software
  Hacettepe HBCR, Turkey (Kutluk et al., 2013)                    1\) Reviewing by research assistant to check accuracy of gender, age, histologic and morphologic diagnosis of the patients according to ICD-O, 2) Crosschecks by research assistant to increase the consistency of the database, 3) Revise and record of inaccurate data
  India: National HBCRs program (Swaminathan Soumya, 2016)        1\) Consistency checks (comparing the values of certain variables against others) by software, 2) The various range, consistency, unlikely combinations, and duplicate checks by the coordinating unit of the National Cancer Registry Programme of Indian Council of Medical Research
  Colombia (Cuervo Luis Gabriel et al., 1999)                     Questionnaire that developed with Delphi method surveyed the function of the hospital director, the registry coordinator, and the registrar (data manager) about data quality.
  FMRI, India (Institue, 2013)                                    Validation of data by using quality control programs/tools of International Agency for Research on Cancer (IARC) for avoiding duplication and any unlikely combination of age, sex, site and morphology and other factors in the database.

Among the others, the National Cancer Database (NCDB) that is a joint program of the Commission on Cancer (CoC) of the American College of Surgeons and the American Cancer Society was the most comprehensive and largest program (Sergeons, 1996-2017). It is a nationwide database containing approximately 34 million records from more than 1800 hospital cancer registries. NCDB has different objectives, including Community Assessment, Quality Improvement, and Cancer Program Administration. Its data included patient characteristics, cancer staging and tumor histological characteristics, type of first-course treatment administered and outcomes information. The NCDB does provide some web-based applications to data registry and quality control of cancer data and cancer care. While "Abstract Plus" is software that usually used for registry and "GenEdit Plus" is applied for validity checks and quality control measures (Sergeons, 1996-2017). Abstract Plus allows for registration of an extensive list of data items (more than 80) on patients identification, tumor diagnosis, stage and prognostic factors, different treatment types (i.e. surgery, chemotherapy, radiotherapy), and follow-up ([Table 4](#T4){ref-type="table"}) ((NPCR), 2016).

###### 

List of Data Items (N=83) Used in the Abstract Plus Software for HBCR in the US to Be Submitted to the National Cancer Data Base (NCDB)

  ------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Patient ID (N=10)                    Name-Last, Name-First, Name-Middle, Name-Maiden, Name-Alias, Social Security Number, Address at DX (No Street, Supplemental, City, state, Postal code), County at Dx, Race, Spanish/Hispanic Origin
  Demographic information (N=6)        Date Of Birth, Birth place (state-county), Sex, Text-usual occupation, Occupation source, Text-usual industry, Industry source
  Cancer identification (N=10)         Date of diagnosis, Age at diagnosis, Primary site, laterality, histologic type ICD-O-3, Behavior Code ICD-O-3, Grade, Grade path value, Grade path system, Diagnostic Confirmation
  Stage/ prognostic factors (N=22)     Tumor size, Tumor extension, Tumor size/extension evaluation, Lymph nodes, Lymph nodes evaluation, Regional nodes positive, Regional nodes examined, Lymph-vascular Invasion, Metastasis at diagnosis, Metastasis evaluation, Site-specific factor 1- 25, Derived AJCC 6-T, Derived AJCC 6-N, Derived AJCC 6-M, Derived AJCC 6-stage group, Derived AJCC 7-T, Derived AJCC 7-N, Derived AJCC 7-M, Derived AJCC 7-stage group,
  Hospital Specific (N=7)              Reporting facility, Type of reporting source, Medical record number, Primary payer at DX, Sequence number-hospital, Date of 1st contact, Class of case,
  Treatment-1st course (20)            Treatment status, Date of 1st course, Date surgery, Summary-surgery primary site, Reason for no surgery, Date radiation, Radiation regional modality, Reason for no radiation, Surgery/radiation sequence, Date chemotherapy, Summary-chemotherapy, Date hormone, Summary-hormone, Date-BRM, Date other, Summary other, Summary-scope regional lymph node surgery, Surgery other regional, Summary-transplant/endocrine, Summary-systemic/surgery sequence
  Follow-up /recurrence /death (N=8)   Date of last contact, Vital status, Follow-up source, Cause of death, ICD revision number, Place of death-state, Place of death-country, Physician-follow up, NPI-physician-follow-up
  ------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In conclusion, the basic components of cancer control are prevention, early detection, diagnosis and treatment, and palliative care. Note that, diagnosis, treatment and care of cancer impose large cost to the community (Organization, 2007). HBCRs are important resource for planning and monitoring of cancer control program. In particular they play important role for the improvement of quality of care of cancer patients. In this study, authors tried to perform a systematic review of literature and retrieved information for 14 selected HBCRs. We found that improving quality of care were the most important platform to abstract high quality information about cancer patients, tumors and diagnosis, stage and prognostic factors, treatment and follow-up (Bhurgri, 2004; Ruiz and Facio, 2004; Bray and Parkin, 2009; Messenger et al., 2012; Posada and del Otero, 2014). Although the minimum data set for HBCRs was almost similar in different registries and covered all aspects of quality of care, the number of data items varied from country to country. Most registries applied either manual or electronic procedures for quality control of HBCR (Teppo et al., 1994; Shin et al., 2004; Pezzi, 2014), including training of the registrars, developing appropriate registration manuals, consistency checks by software performing surveys and serious supervision of the registry processes.

The limitation of our research was that number of publications about HBCRs was very low, and there was no standard recommendation for reporting the results from a HBCR. Therefore we tried to obtain our necessary information from various peer reviewed articles (Cuervo Luis Gabriel et al., 1999; Sibuea et al., 2000; Bhurgri, 2004; Jedy-Agba Elima E. et al., 2012; Higashi et al., 2013; Kutluk et al., 2013; Hendren et al., 2014; Anazawa et al., 2015; Emilsson et al., 2015), reports (Pinheiro Zina Reis et al., 2008; University, 2013; Swaminathan Soumya, 2016) and web sites (Sergeons, 1996-2017; Institue, 2013; Health, 2014). In addition, authors only studied the papers/documents that were available only in English language. International collaboration between HBCRs may increase the understanding about these programs and also improve the standards of reporting the results from HBCRs in the international peer reviewed journals.

Unlike PBCRs that are used for epidemiological studies and public health surveillance, the most important aims of HBCRs are improvement of quality of care and addressing administrating challenges in hospitals (Young, 1991; Ruiz and Facio, 2004). Although some registries did not mention "improving quality of care" in their objectives and highlighted other objectives in their program, including the monitoring of cancer control program, research and education (Cuervo Luis Gabriel et al., 1999; Aziz et al., 2003; Pinheiro Zina Reis et al., 2008; Institue, 2013; Kutluk et al., 2013), improvement of quality of care seems to be inherent objective of all HBCRs.

One of the important issues in registry programs is the number of variables and data items that are defined (Zachary et al., 2015). The tendency is to choose the least, but necessary information in each registry (Zachary et al., 2015). While the number of variables in the PBCRs are limited and hardly reach to 20 variables ((IARC)), the HBCRs dataset is a bit more extensive as it should cover clinical and administrative details, including patients data, administrative information, diagnosis and tumor information, treatment and care, and follow-up (Surgeons, 2016). Therefore, number of variables increase to more than 50-100 variables (Surgeons, 2016). We reported that the number of minimal data set in the Abstract Plus software, which is used in the US for establishment of the National Cancer Database (NCDB) was more than 80 data items ((NPCR), 2016). The large number of variables in different aspect of diagnosis and treatment create several issues. First, the detail information for all of the variables is not usually available in the patient charts. Second, the registrar should pass appropriate training to be able understand and abstract the information from medical records. Furthermore, the registration processes would be timely and would increase the workload and budget of the registry. Using electronic medical records have recently improved the efficiency of the registry program (Houser et al., 2012).

To reach the HBCRs objective(s), it would be important to make sure about quality of data and results from the registry program. Therefore, quality control measures should be inevitable part and be integrated in the HBCR program (Kim et al., 2010). Consistency checks by the registry software or linkage of different data sources would improve the validity and completeness of the registry program. (Tagliabue et al., 2006). HBCRs with high data quality can be used for administrating and clinical aspects including: resource allocation, planning and policymaking in the area of cancer care and cancer control program (Jedy-Agba Elima E. et al., 2012). Therefore, managers of the cancer hospitals should prioritize improvement of data quality through training of the registrars, developing appropriate registration manuals, control of the inconsistencies between different data, using appropriate software, and serious supervision of the registry processes. While quality control solutions are available for population-based cancer registries; there are no similar programs for HBCRs (Ruiz and Facio, 2004). We suggest further collaboration between HBCRs and sharing the experience, expertise, and protocols to enhance the quality of the HBCRs worldwide.

In conclusion, although HBCRs are important tools for monitoring and evaluating the quality of care, the design and performance of the HBCRs are very heterogeneous in different countries. Although diagnosis and treatment are important components of the cancer control programs, and all the countries suffer from the high cost of cancer treatment, there is no international coordination for the design and implementation of the standards of HBCRs. Results of this study highlighted the limitations of the HBCRs in the world and call for international programs to standardize the methods and publication of the HBCRs. It is important to support countries to set up this type of registries at least in the public hospitals and use appropriate methodology for quality control measures in these registries. Investment on HBCRs would improve quality of care and thereby would decrease the mortality and burden of cancer. In particular, it is important to launch HBCRs in the low and middle-income countries that are going to face an increasing trend in the incidence and mortality of cancer in the near future.
